Sarcoplasmic proteins were extracted from the ordinary muscle of twelve species of marine and four species of freshwater fish. Disc-gel electrophoresis in the absence of SDS resulted in species-specific patterns.
Sarcoplasmic proteins consist of many enzymes which have association with energy-producing metabolism in the muscle such as glycolysis, citrate cycle and oxidative phosphorylation.
In mammals, sarcoplasmic proteins account for 20-30%1-3) of the total muscle proteins, and 70-80% of them are comprised of 12 glycolytic enzymes such as phosphorylase and lactate dehydrogenase, together with creatine kinase and myoglobin.2,4) Fish sarcoplasmic proteins account for 20-50% of the total ordinary muscle proteins5,6) and are considered to be composed mainly of similar glycolytic and other enzymes. 7, 8) However, those proteins of fish have been characterized only partially except for parvalbumin which is common to freshwater fish.9) Fishes living in various environmental conditions are supposed to have their own metabolisms which are suitable for their habitats. Every metabolism has its specific pathway, accompanying associated enzyme systems. However, no systematic studies have so far been performed on glycolytic enzymes of fish from such a viewpoint.
As we reported recently, polyacrylamide gel electrophoresis (PAGE) was a useful means to identify several subspecies of the genus Lagocephalus puffer.10) The purpose of the present work was to clarify quantitatively sarcoplasmic protein patterns of various fish species by PAGE technique. It was proposed from the results that the fish be categorized into three groups: whitefleshed (bottom), red-fleshed (pelagic) and freshwater fish.
Materials and Methods

Materials
One specimen each of 12 marine and 4 freshwater fishes listed in Table 1 
Results and Discussion
Disc-gel electrophoretic patterns of sarcoplasmic proteins from 16 species of fish were obviously species-specific (Fig. 1) . In marine whitefleshed fishes (No. 1-6), several well-defined major bands appeared, except butterfly fish (No. 3) which showed many thin bands, probably due to the low protein concentration of extracted sarcoplasmic proteins. Relative mobilities of two major bands were almost common among those fishes. In addition, one to several faint bands with relative mobilities over 0. Table 1 for sample numbers. The patterns to some extent differed among the six marine white-fleshed fishes (Fig. 2, No. 1-6 ). Attempts were then made to analyze sarcoplasmic proteins by two-dimensional electrophoresis, selecting red sea bream, Pacific mackerel and carp from the three groups. Rabbit was also examined for comparison. As shown in Fig. 3 , about 20 components were detected. Each band in SDS-gel electropherograms of Pacific mackerel, carp and rabbit exhibited almost a single band. On the other hand, each of 43K, 40K and 35K components of red sea bream gave two bands. In this connection, fishes generally have much more isozymes than do mammals.18) The two protein bands of red sea bream could be isozymes.
Then, SDS-gel electropherograms of the three fishes were analyzed densitometrically for the percentage composition of sarcoplasmic proteins. As shown in Fig. 4 , the patterns centering in major components (43K, 40K and 35K) differed from one fish to another. As shown in Table 2 , relative amounts of 43K, 40K and 35K components from red sea bream were similar to each other and calculated to be 12.6, 13.7 and 13.5%, respectively. On the other hand, the relative amount of 40K component from Pacific mackerel. (18.7%) was clearly higher than that of 43K (13.7%) or 35K (11.6%) component. The relative amount of 43K component from carp was calculated to be 19.5%, being highest among sarcoplasmic proteins, as in rabbit (17.1%). The 49-51K component(s) was detected at a level from 9.4-12.7%, which was comparable to that of 35K component. The 94K component was clearly higher in the three fish species than in rabbit, whereas vice versa with 23K component.
As shown in Fig. 4 , major sarcoplasmic proteins (43K, 40K and 35K) migrated closely to each other, though they were useful to classify fish species into the three groups as described above. Further investigations are now in progress to identify 43K, 40K and 35K components.
